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Justin Karush, DO*, and Inderpal S. Sarkaria, MD, FACS†Repair of giant paraesophageal hernias, once considered arelatively morbid operation requiring thoracotomy or
laparotomy or both, has been shown to be amenable to
laparoscopic approaches with low morbidity and mortality
and durable outcomes at par with the open standard.1-3
However, the learning curve for these procedures can be
long, particularly for surgeons without previous advanced
minimally invasive experience or formal training. More
recently, robotic approaches to these operations have been
described.4 Although experience is limited, early outcomes
comparable to standard laparoscopic repair have been
reported.5,6 The proposed advantages of robotic approaches
compared with standard minimally invasive techniques
include potentially decreased learning curves that may be
associated with use of these systems, steadier and improved
optics allowing for better visualization, and multiplanar
instruments allowing for a high degree of maneuverability
within a limited operative ﬁeld.
We have developed a robotic-assisted technique of giant
paraesophageal hernia repair adapted from standard laparo-
scopic approaches, maintaining the same principles of the
procedure including (1) reduction of the stomach from thee front matter r 2013 Elsevier Inc. All rights reserved.
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k, NY 10065. E-mail: sarkarii@mskcc.orghernia space, (2) sac excision with high mediastinal
dissection, (3) preservation of crural integrity, (4) esophageal
fat pad dissection to allow adequate exposure of the
gastroesophageal junction, (5) reestablishment of sufﬁcient
intra-abdominal esophageal length with or without gastro-
plasty, (6) tension-free approximation of the crura to close
the hiatal defect with or without use of prosthetic or biologic
mesh, and (7) performance of a fundoplication. We employ
a 4-arm, 2-console robotic platform allowing for an operator
and an assistant.
Patient selection for the robotic-assisted approach is
identical to that for the standard laparoscopic approach.
Preoperative assessment in elective cases includes evaluation
of cardiopulmonary and other comorbidities, esophagram,
and upper gastrointestinal endoscopy to identify occult
pathology. Esophageal manometry may be useful to assess
motility but may not be feasible or practical in many cases.
All operations are performed with an arterial line as
signiﬁcant hemodynamic changes may be seen with initial
insufﬂation of the abdomen, reverse Trendelenburg position-
ing, and intraoperative pneumothoraces. Before positioning,
upper gastrointestinal endoscopy is performed. Care should be
taken to employ little insufﬂation during initial endoscopy. In
the potentially volvulated viscus, one may risk gastric
overdistention, signiﬁcant vagal stimulation, and refractory
hypotension in the absence of a means to decompress the
stomach. We often leave the endoscope in place to serve as
decompressive gastric suction until reduction of the stomach
from the hernia is achieved (Figs. 1-9).
Figure 1 The patient is positioned supine and shifted to the right side of the bed to allow optimal placement of the liver retractor. A footboard
is placed for heel support, the patient is secured to the table with the arms out at 451, and the table is tested in steep reverse Trendelenburg
position. Alternatively, the left arm may be tucked to mitigate interactions with the left lateral robotic “assistant” arm. As shown, the operating
room table is turned 901 counterclockwise to allow the robotic cart and arms to be moved into place in line directly over the patientʼs head
after port placement. During this maneuver, care should be taken to secure all lines and anesthesia tubing. General setup of monitors,
personnel, and surgeon robotic consoles is as shown. The robotic instrument tower is shown at the foot of the bed to the patientʼs left (not
labeled).
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Figure 2 A 12-mm camera port is placed in the midline 23-25 cm from the Louis angle by the Hasson cutdown technique. This ensures
sufﬁcient camera length to visualize the cephalad limits of mediastinal dissection. Gas insufﬂation to 15 mm Hg is established, and the patient
is placed in a steep reverse Trendelenburg position. A 5-mm robotic trocar is placed at the left lateral costal margin, through which the 5-mm
atraumatic Schertel grasper (Intuitive Surgical) is used as the robotic assistant. Next, a left 8-mm port for the robotic “right hand” is placed at
approximately 13 cm (the range of the robotic ultrasonic shears) from the Louis angle in the midclavicular line. The costal margin may be the
practical cephalad limit at which this port can be introduced. A 5-mm port is placed in the right lateral subcostal margin for the liver retractor.
A robotic 8-mm trocar is placed in the right upper abdomen in approximately the midclavicular line for introduction of the bipolar fenestrated
grasper as the robotic “left hand.” A 10-mm assistant port is placed in the right paraumbilical region. The robotic cart is positioned, the patient
is placed in reverse Trendelenburg position, and the robotic arms are docked to the ports.
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Figure 3 The instrumentation employed is depicted, including (from left to right) a 5-mm liver retractor (Diamond-Flex, Snowden-Pencer)
held in place by a bedside stabilizer (Mediﬂex Retractor, Mediﬂex Surgical Instruments; not shown), the robotic bipolar cautery and grasper
(Fenestrated Bipolar Grasper, Intuitive Surgical), the bedside assistantʼs atraumatic grasper (shown) or suction (not shown), the robotic
ultrasonic shears (Harmonic ACE, Ethicon), and the 5-mm atraumatic robotic grasper (Schertel Grasper, Intuitive Surgical). The hernia defect
is seen and the stomach is often partially autoreduced with reverse Trendelenburg positioning. The peritoneal sac can be seen extruding into the
mediastinal space, partially exaggerated because of the pressure from gas insufﬂation. The remaining stomach is gently reduced from the
mediastinum into the abdomen until limited by mediastinal adhesions. The bedside assistantʼs grasper is placed on the esophageal fat pad, and
progressive caudal retraction during the dissection aids in esophagogastric mobilization. Alternating retraction toward the right or left foot is useful
in gaining bilateral exposures during the mediastinal and hiatal dissections.
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Figure 4 With the hernia contents reduced into the abdomen and the left lateral segment of the liver retracted, the hiatal defect can be well
visualized. In contradistinction to repair of smaller hiatal hernias during standard antireﬂux operations, we advise against initiating hernia sac
dissection along the right crus, where cephalad mediastinal migration of the left gastric vascular pedicle may risk injury and troublesome
bleeding. The hernia sac along the pericardium is grasped and gently retracted inferiorly under light tension, exposing the initial line of
dissection between the sac and anterior crura. Sac dissection is initiated by incising the sac just below the anterior crura and developing a
plane posterior to the pericardium, with care to avoid denuding the crura of their peritoneal lining. Gentle retraction on the incised edge of
the sac by the robotic 5-mm assistant arm, along with continued caudal retraction by the bedside assistant, provides progressive exposure as
the dissection continues. In most chronic hernias, this plane consists of ﬁlmy, diaphanous adhesions that are readily mobilized with a
combination of blunt and sharp dissection. The ultrasonic shears are ideally suited to this task, allowing for quick blunt mobilization in this
largely avascular plane, interspersed with energy coagulation of perforating vessels to maintain visualization in a bloodless ﬁeld.
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Figure 5 Most of the sac dissection anteriorly along the pericardium and bilaterally along the pleurae can be rapidly accomplished to the level
of the pulmonary veins. Early and clear identiﬁcation of the inferior pulmonary veins during the anterior dissection is essential to avoid a
potentially devastating vascular injury. The left vagus nerve should be identiﬁed early and meticulously preserved as it courses anteriorly
along the esophagus or hernia sac and pericardium in the midline at the level of the hiatus and then toward the left at the level of the
pulmonary hilum. Entering the right or left pleural space should be avoided when possible, this can usually be accomplished with early
identiﬁcation and dissection of the pleura away from mediastinal structures. The surgeon should be aware that long-standing inﬂammation
may intimately associate the pleurae with the hernia sac and bring them in close proximity to the right and left crural pillars with even
minimal sac retraction. Posterior esophageal mobilization and tissue dissection is best accomplished by alternating left-sided and right-sided
exposures along the vertebral column and aorta. If not already replaced with a nasogastric tube, the esophagoscope should be removed for
esophageal mediastinal mobilization. During right-sided dissection, the posterior vagus nerve should be identiﬁed and preserved when
feasible. It often follows a variable course and may be found tethered along the right pleura along with the hernia sac and separate from the
body of the esophagus. The pleurae are closely associated with tissue planes over the vertebral column and at the pulmonary hila bilaterally
(the most cephalad portion of the dissection). It is not uncommon to cause small tears in the pleura at these points. These should be
recognized early and the extent limited. During left-sided dissection, aortoesophageal perforating arteries should be recognized and ligated
and divided with the ultrasonic shears. Nongrasping gentle retraction of the esophagus with the robotic assistant arm is excellent for creating
the necessary exposures to continue the dissection cephalad within the mediastinum. In this manner, complete circumferential mobilization
of the esophagus can be achieved to the level of the left atrium and pulmonary veins and as high as the subcarinal space, and it may obviate
the need for additional esophageal lengthening procedures such as Collis gastroplasty.
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Figure 6 When pleural tears occur, often little or no hemodynamic compromise is appreciated, especially if recognized early and the injury is
limited and repaired. The more signiﬁcant consequence of pneumothoraces in this setting may be loss of visualization with collapse of the
mediastinal space due to pleural expansion and the loss of insufﬂation into the chest. Initial gentle grasping and apposition of the pleural
edges together can attenuate this effect, maintain exposure, and allow simple and precise repair with robotically applied surgical clips brought
through the robotic right-hand port (Small Clip Applier, Intuitive Surgical). The inset demonstrates a defect with clips applied across the rent
until closed. If hemodynamic compromise is witnessed, pressurized gas insufﬂation should be immediately stopped. Along with pleural
closure, this is often all that is necessary for recovery from mild relative hypotension. If hypotension is more than mild or is refractory to
simple repair and evacuation of the pneumoperitoneum, tube thoracostomy should be performed on the side of injury. Suction placed by the
surgical assistant through the pleural rent can also aid in immediate resolution of pneumothorax if necessary to temporize its effects. It is our
routine practice to always have percutaneous pigtail catheters immediately available in the operative suite for the rare instances they are
required emergently.
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Figure 7 The gastrohepatic omentum is opened widely, and complete crural exposure is accomplished by dissection of the remaining hernia sac tissue
attachments off the right and left crural pillars. These attachments may be dense and dissection may be difﬁcult due to scarring in long-standing
hernias in the setting of chronic reﬂux. As best as possible, care should be taken to preserve the integrity of the peritoneum overlying the crura, which
may add tissue strength to the sutured closure. The short gastric arteries are divided with the ultrasonic shears and may be stretched and thinned along
the left crus, diaphragm, and splenic hilum. All tissue attachments to the diaphragmatic surfaces should be released, particularly on the left side along
the often attenuated angle of His, gastric fundus, and spleen. This serves to optimize mobility of the crural pillars and allows for a tension-free sutured
repair without need for prosthetic mesh in most cases. In some cases, a left-sided pneumothorax may be induced with introduction of air into the left
chest with a large-gauge needle inserted percutaneously or directly through the diaphragm or pleura. A bougie of 54-60 Fr is placed through the
gastroesophageal junction. Repair of the hiatal defect is performed with large-gauge 0, nonabsorbable, braided suture (Ethibond with SH needle) in a
simple or ﬁgure-of-eight fashion. Typically, 2-3 sutures are placed posteriorly and 1-2 sutures are placed anteriorly to achieve tension-free repair of the
hiatal defect with the crura snug but relaxed around the esophagus, with the bougie dilator in place. The Schertel retractor on the robotic assistant arm
is valuable in creating exposure to the posterior crura with gentle nongrasping retraction of the esophagus to the left. Care should be taken to use only
the broad side of the instrument against the viscus, with the bougie in place to avoid perforation. It is noteworthy that unless adequate intra-abdominal
esophageal length is beyond doubt, fat pad dissection to assess gastroesophageal junction position is performed before crural repair. n = nerve.
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Figure 8 The anterior esophageal fat pad is mobilized to the right along with the vagus nerve, clearly exposing the gastroesophageal junction.
This maneuver allows for accurate assessment of intra-abdominal esophageal length and the possible need for a Collis gastroplasty (not
shown), as well as precise placement of the fundoplication. Fat pad mobilization is continued posteriorly along the right of the esophagus, and
a posterior fenestration is created through which to bring the fundoplication. Injury to the posterior vagus nerve should be avoided. We do
not routinely include the posterior nerve in the fat pad dissection unless it is already separated from the esophageal wall, clearly identiﬁable,
and technically straightforward to accomplish. GEJ = gastroesophageal junction.
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Figure 9 Additional mobilization of the fundus and greater gastric curve is completed to allow a tension-free fundoplication. A “ﬂoppy” Nissen
fundoplication is performed with the 60 Fr bougie in place. The gastric fundus is grasped at its most mobile point along the line of the short
gastric dissection by the robotic assistant arm. The bedside assistant maintains gentle caudal retraction on the stomach. The robotic left-hand
grasper is passed carefully behind the esophagus from right to left through the fenestration, and the gastric fundus is brought posteriorly in
correct orientation with the esophageal fat pad and anterior vagus nerve external to the wrap, as is our preference. A robotic right-hand
grasper aids in exposure and maintaining proper orientation of the fundoplication by gently abutting the left lateral edge of the bougie, thus
keeping it against the lesser gastric curve as the fundus and greater curve are advanced posteriorly. A “shoeshine” maneuver is performed to
ensure a mobile, tension-free fundus. Visual assessment of tension is imperative during this maneuver to avoid injury to the stomach between
the robotic right hand and robotic assistant arms. A 3-stitch tension-free ﬂoppy wrap of 2-3 cm is centered and completed over the
gastroesophageal junction with the 60 Fr bougie in place. Nonabsorbable, braided 2-0 sutures (Ethibond on SH needle) are placed.
The proximal and distal sutures ﬁx the fundus to the esophagus and stomach, respectively. On-table endoscopy is performed to conﬁrm the
orientation and adequacy of the fundoplication. In cases where gastropexy is elected (not shown), the gastric fundus is mobilized and ﬁxed to
the anterior diaphragm and abdominal wall with 7-8 permanent sutures along the line of the short gastric dissection.
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Additional Considerations
Patients remain in hospital for approximately 2-5 days and
ambulate no later than postoperative day 1. It is important to
note that many of these patients, in contrast to typical reﬂux
patients without signiﬁcant hiatal hernias, represent an older
population with signiﬁcant comorbidities. In addition,
operative times are longer and the extent of tissue dissection
is greater, particularly during esophageal mobilization in the
mediastinum. Patients may manifest, and should be
monitored for, cardiopulmonary (and other) complications,
including pneumonias, pleural effusions, pulmonary emboli,
atrial ﬁbrillation, and myocardial ischemia. The nasogastric
tube is typically removed on days 1-2, and an esophagram is
performed to radiographically assess the adequacy and new
baseline anatomy of the hiatal repair, reduced stomach, and
fundoplication. Patientsʼ diets are advanced progressively
from liquids to pureed foods to soft mechanical foods and
ﬁnally to regular diet over the course of 2-3 weeks. Early
nausea is common, and antiemetics are administered
routinely in the ﬁrst 48 hours and as needed thereafter. In
patients with evidence of dysphagia beyond the perioper-
ative period of 2-3 months, esophagoscopy with gentle
dilation is considered. Pain is generally managed with oral or
intravenous narcotic medications for the ﬁrst 1-3 days and
with oral nonnarcotic medications thereafter. Oral medi-
cations are given in liquid or “melt-away” sublingual forms
until a soft mechanical diet is tolerated.
Although no quantitative long-term outcome data yet
exist, we have subjectively found the robotic approach to be
well adapted and technically beneﬁcial for these operations
compared with standard laparoscopy. In our opinion, the
advantages of the robotic approach to this operation can be
distilled down to the greater degree of direct control afforded
to the surgeon over the conduct of the operation within the
mediastinum. The improved visualization within thisrestricted anatomical space gained by the advanced and
steady camera system under direct control of the surgeon
cannot be overappreciated. When combined, the operator
controlled optics and robotic assistant arm obviate the need
for a second bedside assistant, which is often employed for
standard laparoscopic approaches. Disadvantages include
likely increased expense, equipment size, increased initial
operative times, lack of haptic feedback to assess tissue
tension, the ﬁxed and rigid current platformʼs lack of
allowance for adjustment of the patient position once in
place, and limitations in view and instrumentation range
when working in less-conﬁned or multiple operative ﬁelds.
Importantly, although we have opted for a robotic
approach to these operations, there are no current objective
data to favor robotic-assisted approaches over standard
approaches. Currently, the operative approach should be
dictated by the clinical judgment and personal expertise of
surgeons experienced in these complex operations.References
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